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Sir: 



1 . I, Nigel Bates, have been employed for over six years by POWDERMED 
LIMITED (or it's predecessor companies) who in turn control POWDERJECT 
RESEARCH LIMITED, the Assignee of the above-identified patent application, and have 
a very good theoretical and practical knowledge of the needleless syringe products that are 
being developed. 

2. I have reviewed the above-identified patent application (USSN 
10/031,627) and the Bellhouse document (US 5,630,796). 

3. I have read the Office Action dated November 1, 2007 in this application 
and understand that the Examiner has rejected pendhig claims 1-7, 9-25, 27-34, 36, 37 and 
55 on the basis that they are allegedly anticipated by and/or obvious over the Bellhouse 
document (US 5,630,796), either alone or in combination with additional references. 
Additionally, I understand that the Examiner has rejected claim 20 for failing to comply 
with the enablement requirement. 

THE BELLHOUSE DEVICE 

4. The ''nozzle" is labeled 26 (see line 22 of coluiTin 12). As discussed at 
lines 44 to 46 of column 12, the nozzle has an upper convergent part 35 and a lower 
divergent part 37, In between these two parts is a throat 36. The purpose of the 
convergent-divergent nozzle is to accelerate the gas and particle mixture to supei-sonic 



Atty Dkt, No.: KEMP-002 
USSN: 10/031,627 
Exhibit 1 

speeds. The use of convergent-divergent nozzles to achieve supersonic fluid flows is well 
known in the fluid dynamic arts. 

5. The part labeled 38 in Figure 1 of Bellhouse is not a nozzle. Instead, this 
is a divergent spacer sliroud 38 that is designed merely to offset the end of the nozzle 26 
from the target surface (see hnes 48 to 51 of column 12 of US 5,630,796). Upon exiting 
the nozzle 26, the gas and particles form a free jet until they reach the target surface. The 
sides of the divergent spacer shroud 38 are sufficiently far away fi*om this free jet to not 
influence it. The sides could be made with virtually any suitable shape and the divergence 
or othei-wise of this spacer shiwd is not essential in order to carry out its function. The 
function of the shroud is merely to channel any gas rebounded from the target surface 
through the baffle 41 that perfoims the silencing operation. This is explained at lines 21 to 
34 of column 13 of Bellhouse. 

6, The particles are located in the capsule 28 shown in Figure 1 and shown in 
more detail in Figure 8. It can be seen that the passage immediately upstream of the 
membrane 34 converges in the flow direction. The passage immediately downstream of 
tlie membrane 34 continues to converge in convergent part 35. Thereafter a throat 36 is 
foimed and the passage thereafter divei"ges in divergent section 37, The following 
divergent spacer shroud 38 is irrelevant in terms of the gas dynamics. 

7, The variation of the cross-section in the divergent section 37 of the nozzle 
26 disclosed in Bellhouse is extremely significant in terms of the gas dynamics. As 
specified in the paragraph bridging columns 14 and 15 of Bellhouse, the divergent section 
diverges ft'om a diameter of 1 .5mm at the throat to a diameter of 2.23mm at the nozzle 
exit. This corresponds to a flow area ratio of 2,2L This is very significant in terms of the 
gas dynamics because, as is well known in the art of convergent-divergent nozzles, the 
degree of acceleration of the gas flow is determined by the area ratio of the nozzle. 

8. The relationship between nozzle cross-sectional area and gas velocity is 
often described by the following equation 
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where: 

A = nozzle cross-sectional area 

A* = nozzle cross-sectional area at critical condition where Mach Number is unity 
(ix. at the throat) 

k = ratio of specific heats ( = L66 for helium) 

M ^ exit Mach Number (ratio of flow velocity to local sonic velocity) 

A plot of the nozzle cross sectional area ratio, PJA^, versus Mach lumiber, using 
tliis equation, clearly shows that a converging-diverging passage with a section of 
minimum area is required to accelerate the flow from subsonic to supersonic speed. The 
critical point where the flow is just at sonic velocity (M^l at A/A*^l) is seen to exist at 
the throat of the nozzle. The exit velocity calculated for the Bellhouse nozzle is Mach 
2.54. 

Effect of nozils cross sectional area ratio on gas velocity 
I ' ' ' |— Hefium {k=T^)| 
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9. The convergent-divergent nozzle of Bellhouse is thus veiy significant, 
because it will accelei'ate a flow to Mach 2,54, provided enough gas energy is supplied. If 
not enou^ gas energy is supplied, a shock wave will form in the nozzle. 

-3- 
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10, Figures 1 and 2 and the discussion from line 32 of page 1 to line 33 of 
page 3 of USSN 10/031,627 show the results of expeiiments to measui'e the gas flow 
properties of the device described in Bellhouse. 

1 1 . These experimental resuhs prove to me that the particles that are emitted 
from the Bellhouse device are accelerated by two separate mechanisms, neither of which 
can be characterized as a ''quasi-steady flow" mechanism. 

12, Figure 1 of USSN 10/031,627 shows that a series of shoclavaves 11, 13, 
16, 14 flow downstream from the membrane bursting position and decelerate as tliey 
move. As such, the particles 17 catch them up and cross through the Shockwaves. This is 
illustrated in Figure 1 by the particle trajectory 1 7 that crosses the lines labeled 16. At the 
same time, a Shockwave 15 created at the exit plane moves in the upstream direction 
towards the membrane burst point. This occurs as the driver pressure from the resei-vok 
decreases* The particles 17 accordingly also pass through this shockfront 15 as it moves 
upsti-eam. As described at line 20 of page 5 of USSN 10/031,627 and as shown in Figure 
1, quasi-steady supersonic flow occurs solely in region 3 of the Bellhouse device and 
occurs only at a very small poition of the device near to tlie membranes. At no point in 
the working of the Bellhouse device does the quasi-steady flow region 3 extend all the 
way to the nozzle exit. The reason for this is tlaat Bellhouse does not disclose a properly 
expanded nozzle. The gas pressures and nozzle geometries disclosed in Bellhouse 
inevitably lead to shock waves fonning in the nozzle in use. 

1 3. The experiments described in USSN 1 0/03 1 ,627 thus conclusively prove 
to me that the particles of Bellhouse are not accelerated by substantially quasi-steady flow 
for the duration of time that the particles are in the duct section. As can be seen from 
Figure 1, any quasi-steady flow occurs only in the upstream part of the device (close to 
where the membrane is) and moves downstream at a very slow speed such that it never 
actually interacts with any particles. Accordingly, very few particles, if any at all^ are 
accelerated by the quasi-steady flow in the BeUhouse device. Any paiticles that are 
entt'ained by quasi-steady flow are so entrained for only a very brief moment before 
passing tln*ough shock from 14 into a region of non-quasi-steady flow attributable to the 
starting process (region 1 in Figure 1). Accordingly, no particle is accelerated by quasi- 
steady flow for the duration of time that the particles are in the duct section, 
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THE CLAIMED INVENTION 

14. USSN 10/03 1 ,627 discloses several designs which would enable one of 
ordinary skill in the art to make and use a needleless syringe falling within the scope of 
claim 20, Figures 3 to 7 disclose exemplary embodiments. These are described at pages 
11 to 18 of the description of USSN 10/031,627, In my opinion, sufficient details are 
given to enable one of ordinary skill in the art to fully work the invention within its 
claimed scope. In particular, there appear to be no important parameters or dimensions 
that are left umiientioned in the specification but whose value is important in ensuring that 
the claimed invention is obtained. 

15. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on infoimation and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 





Nigel Bates 
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